Laminated structures are assembled so that the fibre orientation provides most of desired mechanical properties and the matrix largely determines the environmental performance. Composites laminate structures are used in a wide range of applications in aerospace, marine, automotive, surface transport and sports equipment markets. Damage to composite components is not always visible to the naked eye and the extent of damage is best determined for structural components by suitable Non Destructive Test (NDT) methods. Alternatively the damaged areas can be located by simply tapping the composite surface and listening to the sound. The damaged areas give a dull response to the tapping, and the boundary between the good and damaged composite can easily be mapped to identify the area for repair. Awareness of and inspection for composite damage should be included in the regular maintenance schedules for composite structures. Particular attention would be made to areas which are more prone to damage. The repair can be done by using composite itself or bio-composite. Bio-composite is a reinforcement of natural fibre such as plant and a material that formed by matrix or resin. Then repairs to aircraft structures are controlled and should be carried out according to the Aircraft Structural Repair Manual (SRM). For other applications the repaired components would normally be expected to meet the original specifications and mechanical performance requirements. This paper presents the fabrication technique including patch repair by using bio-composite which is kenaf and its aim to give a general approach to composite fabrication on patch repair in all applications. Through the described approach, the life of the structure is expanded and met the properties requirements such as low cost, fairly good mechanical properties, high specific strength, non-abrasive, eco-friendly and biodegradability characteristics.
Introduction
Nowadays, the usage of bio-composites in industry is increasing due to the increased environmental consciousness. Bio-composites have recently become attractive to researchers, engineers and scientist as an alternative reinforcement for fibre reinforced polymer (FRP) composites. Due to their low cost, fairly good mechanical properties, high specific strength, nonabrasive, eco-friendly and bio-degradability characteristics, they are exploited as a replacement for the conventional fibre, such as glass, aramid, carbon and others.
Groover [1] describes that a fibre reinforced polymer (FRP) is a composite material consisting of a polymer matrix imbedded with high-strength fibres, such as glass, aramid and carbon. Sahed and Jog, et al. [2] discuss in the recent decades, bio-composite as an alternative reinforcement in polymer composites have attracted the intention of many researchers and scientists due to their advantages over conventional glass and carbon fibres. These bio-composite are flax, hemp, jute, sisal, kenaf, coir, kapok, banana, henequen and many others. The various advantages of biocomposite over man-made glass and carbon fibres are low cost, low density, comparable specific tensile properties, nonabrasive to equipments, non-irritation to the skin, reduced energy consumption, less health risk, renewability, recyclability and biodegradability. These composites materials are suitably applicable for aerospace, leisure, construction, sport, packaging and automotive industries, especially for the last mentioned application according to Malkapuram, et al. [4] .
The application of bonded composite patches or doublers to repair or reinforce defective metallic structures are becoming recognised as a very effective and versatile repair produce for many types of problems. Baker [6] describes patch repairs are used for repair of sandwich panels, crack in metallic structures, and reinforcement of deficient structures. Composite patching is the most widely used method of restoring the load-carrying capacity of the weakened structure or reinforcing the damaged zone with splice or doubler of a material having strength and stiffness higher than the original material. Due to the rapid growth of aerospace industry, analysis of adhesively-bonded patches to repair cracked structures have been the focus for many years. Most of these studies investigate repair structures using linear analysis and demonstrated the viability of adhesivelybonded patch repairs as a means to improve the durability and damage tolerance of cracked metallic structures efficiently and economically. Then, Baker and Jones [7] performed more intensive research on the method and presented the advantages of a composite material patch used for the bonded patch method not only reduces the weight but also increases the service life. The bonded patch offers many advantages over a mechanically-fastened doubler, which include improves fatigue behaviour, restored stiffness and strength, reduced corrosion, and easy conformance to complex aerodynamic contours. For a defective or cracked structure, adhesively-bonded repair significantly reduces stress intensity factor and, as a result, may retard or eliminate crack growth. Several authors showed that in practice the parameters influencing the performances of bonded composite repairs are the patch and adhesive properties. To increase the durability and damage tolerance, many researchers performed experimental tests and numerical analysis on patched thin plates as Kan and Ratwani [8] tested patched thick plates.
The repair of aircraft structures is similar to that of other advanced patch repair techniques. Referring to Tomblin and Salah, et al. [11] , with the increasing use of composite sandwich structures in aircraft components; it is crucial to develop repair methods that restore the original strength of the part without compromising its structural integrity. In bonded repairs, the repair plies are overlapped to evenly distribute the load from the present structure to the patch repair. One of the main concerns when repairing a structural part is the size of the repair. Cole [12] proposed when designing a composite repair, several factors must be considered to ensure the repair's effectiveness and structural integrity. These factors include stiffness, strength, stability, operating temperature, durability and aerodynamic smoothness. These factors or the repair should be matching, as close as possible, the properties of the parent structure. Nevertheless, the most crucial element in designing a repair is the adhesive joint; one should ensure that the adhesive does not become weak link and that joint failure occurs as a result of bulk failure of the adherences according to Hart-Smith [13] . The joint should always be designed to that its strength exceeds the strength of the parent structure by at least 50%. This margin of safety accounts for the damage susceptibility of the adhesive.
Material Preparation
In order to produce a square size of CFRP material for the lay-up process, the roll of the material needs to be cut. After the cutting process, the next step was to perform the lay-up preparation. To do this, a square plate of aluminium base or mold was required. The surface of the aluminium needed to be as smooth as possible with no rough surface. To make sure that the surface is smooth and free from debris, acetone was used to remove the unwanted rough surface, assure the laminate will lie flat in the mold and get the clean and smooth specimen surface. Once the surface is clean, mold release agent was applied to the aluminium base in three times within 10 minutes. The purpose of this mold release agent is to avoid the specimens sticking to the aluminium base after the curing process. After that, the aluminium base needed to buff.
Lay-up Process. A number of preparations were performed before undertaking the lay-up process. The important things required for the lay-up process were as follows:-(a) aluminium base, (b) peel ply, (c) release film, (d) breather/bleeder fabric, (e) vacuum bagging film, and (f) sealant tape.
The aluminium base was first placed on a flat surface. Secondly, mold release agent was applied throughout the aluminium base and buffed it, and then a piece of peel ply was placed on the top of aluminium base. After that, the CFRP was laid up with the orientation until the desired thickness was achieved. Next, another piece of peel ply was placed on the top of the CFRP followed by a release film and a breather/bleeder fabric. Finally, vacuum bagging film was placed on top of the whole lay-up. Fig. 1 illustrates the whole process of lay-up. Vacuum Bagging Process. The curing process is performed by applying both heat and pressure to the composite components in a controlled approach, which ensures that the composite laminate produces components both virtually void-free and mechanically strong. Fig. 2 shows the process of vacuum bagging. After lay-up process was done, the vacuum line was connected to the bag with a vacuum port. The vacuum port used is basically a suction cup with a hole through it, attached to the end of the line. A small hole was punctured in a bag and attached the port to the bag over the hole. Breather fabric provides a path to the port inside the bag over a wide area. Vacuum was applied to the bagging system and it must be kept constant throughout the vacuum bagging process. Meanwhile, the heat was supplied by placing the heat blanket in the vacuum bag between peel ply and breather fabric. The heat was monitored using thermocouple that attached over the heat blanket.
Fig. 2: Vacuum bagging process
The vacuum line was connected to the bag with vacuum port. The vacuum port used is basically a suction cup with a hole through it, attached to the end of the line. A small hole was punctured in the bag and the port was attached to the bag over the hole. Breather fabric provides a part to the port inside the bag over a wide area. The vacuum pump was turn on to begin evacuating air from the
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Advances in Mechanical and Manufacturing Engineering bag. As the air is removed from the bag, the folds in the bag, laps in the tape and the port connection were checked to prevent the air leak. The operating pressure of the vacuum bagging was brought up to 22 in Hg while the temperature was risen up to 120 o C. The rate of temperature rising must be constant to prevent the heat shock. Vacuum was applied to the bagging system and it must be kept constant throughout the vacuum bagging process. The curing process took about 120 minutes at 120 o C and 22 in Hg. For the cooling process, the operating pressure was hold at that pressure until the operating temperature of the vacuum bagging was decreased. The rate of cool down also must be constant to prevent heat shock. Once finished, it was ventilated totally and the specimen was ready as shown in Fig. 3 .
Fig. 3: Cured specimen
Damaged Repair on CFRP Specimen. After the fabrication of CFRP was done, the specimen was cut into size of a square plate. Diamond sawing was found to be the best method of cutting the CFRP material. It was an ideal tool for cutting thick specimens without damaging it and enables the plate to be in an accurate size.
Then, the damage need to be prepared. The specimen was drilled at the centre as a damaged by using dagger drill 5 mm diameter. The dagger drill bit is solid carbide. This bit can cut nice holes and has long lifetime. It is the best bit for cut holes of CFRP material. Then, countersink drill bit was used to remove the burr left and provide a chamfer in the entrance to the drilled holes. This chamfer is required to do the patching process based on aircraft structural repair manual as shown in Fig. 4 .
Fig. 4: Repair of damage
Poly Putty Patching. Poly putty is originally used mainly for body repair. The filler or poly putty is composed of a polyester resin that, when mixed with a hardener or catalyst, turns into a putty which then sets and hardens. The poly putty was first mixed with the hardener. Hardener produces a chemical reaction, which generates heat, causing the resin to harden. The ratio of poly putty to hardener is 100:2 within percentage of weight.
The specimens must be cried to remove any moisture to obtain the best repair. After the filler and hardener were mixed, they were put into the holes of the damaged specimen as a patching. This process must be done quickly so that the mixture did not harden before they were put into the holes. The mixture of filler and hardener will start to harden in period time 5 to 10 minutes. When all the specimens were patched with the filler, the heat was supplied to them by using heat so that the filler can harden and cure. Applying direct sunlight can cause resin to cure tacky. This process took about 30 to 60 minutes to cure. Fig. 5 illustrates the patching process.
Fig. 5: Patching process
Kenaf Patching. Before the patching process was started, the resin and hardener were prepared. Resin is a liquid which will cure to a solid when the hardener is added. It has been specially formulated to cure at room temperature. The hardener often referred to as catalyst is added to cure or harden the resin.
Before applying the surface must be clean. All grease, wax, dirt and other foreign materials were removed from repair area. All loose or damaged materials were cut and grinded away. Several inches were sanded beyond repair area and taper edge of hole. The hardener was added to the resin within ratio 1:2 based on weight just before using and the mixing was stirred for one minute. The mixture cannot be mixed more than a quart at a time as it started setting up in about 17 minutes and should not be used after it started to gel or harden.
When the mixture of resin and hardener was prepared, kenaf core was added into the mixture with ratio percentage of weight was 60:40. The mixture needed to be more than kenaf because the ability of kenaf to absorb the liquid. The same process with putty filler goes to kenaf filler. Once the mixture already done, they were applied into the holes of the damaged specimen as a patching by using plastic spreader. This kenaf filler will start to harden about 15 to 20 minutes. The heat lamp was put on the repair area and away from the surface for a period of 24 hours. Kenaf patching can be seen in Fig. 6 . Application of Repair Plies. Repair plies were put on top and bottom of specimen after the patching because these repair plies can distribute load when load was applied to the specimen. Once the repair had cured, the excess resin was sanded down and any protruding fillers with sand paper so that the repair plies can be applied top and bottom of the specimens.
After repair plies were attached to the all specimen, the vacuum bagging process needed to be done on them. The vacuum bagging process is same as before. Fig. 7 shows the repair plies before and after vacuum bagging process. Fig. 7 : Repair plies before and after vacuum bagging process
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Conclusions
Fabrication technique of bio-composite patch repair on laminated structure is complying with Structural Repair Manual (SRM). The step by step procedure was presented for the design of biocomposite patch repair. In this procedure, the life of the structure is expanded and met the properties requirements such as low cost, fairly good mechanical properties, high specific strength, nonabrasive, eco-friendly and bio-degradability characteristics. More research and improvement need to be studied with this developed patch repair by using bio-composite. In future, the patch repair will be expanded in focusing on bio-composite as to provide more advantages and can be used for very long time or decades.
